Abstract-Rice (Oryza sativa L 2n=24), one of the three major food crops of the world, covers 11 per cent of the arable land in the world. One of the main constraints of rice cultivation and production is drought, which affects the vegetative growth rate and grain yield. The present investigation was carried out to study the drought tolerance of 50 indica rice genotypes including 24 modern varieties, 16 rice cultures and ten traditional varieties along with the drought tolerant check varieties PMK 3 and MDU 5. The 50 rice genotypes were screened in in vitro bioassay method by using Polyethylene glycol (PEG 6000 MW) to assess their seedling response under drought. Drought stress was simulated at four different concentrations namely, -3.0, -5.0, -7.5 and -10.0 bars of water potential by dissolving 115, 196, 235 and 289 grams of PEG 6000 respectively in 1000 ml of distilled water. A control (0.0 bar) was maintained using distilled water The experiment was laid in completely randomized design with two replications. Data were recorded on germination percentage, root length, shoot length and root / shoot ratio at four different levels of treatment. Screening of the 50 rice genotypes for tolerance to drought at seedling stage using various concentrations of PEG 6000 resulted in the identification of nine rice genotypes namely, G3, G19, G21, G24, G25, G31, G35, G49 and G50 with tolerance to drought. The in vitro screening of rice seedlings using PEG 6000 can be adjudged as a simple, rapid and preliminary bioassay that can be used in mass screening for evaluating seedling of rice genotypes under drought.
drought tolerance of the 50 rice genotypes at seedling stages using polyethylene glycol 6000 (PEG 6000).
II. MATERIALS AND METHODS

A. Genetic materials
Experimental material comprised of fifty genotypes with broad genetic base involving 24 modern varieties, 16 rice cultures and ten traditional varieties along with the drought tolerant check varieties PMK 3 and MDU 5.
B. Laboratory experiment
The experiment was conducted at the Abiotic Stress Laboratory of Department of Genetics and Plant Breeding, Faculty of Agriculture during August, 2014. The in vitro screening for drought tolerance was carried out using Polyethylene Glycol (PEG 6000 MW) according to [1] . In germination paper, a horizontal line was drawn at 3 cm from the top and was marked with 25 points at 1 cm intervals. Twenty five seeds of each genotype were placed in the marked point on the moistened paper towel, ensuring that the seeds do not touch each other and a moistened second paper towel was carefully placed over the seeds. The paper towels along with a polythene sheet below it were then rolled loosely to form a tube and held with rubber band. The rolls were placed in the containers of different PEG concentration. Drought stress was simulated at four different concentrations namely, -3.0, -5.0, -7.5 and -10.0 bars of water potential created by dissolving 115, 196, 235 and 289 grams of PEG 6000 respectively in 1000 ml of distilled water following the method of [2] . A control (0.0 bar) was maintained using distilled water. At 10 DAS (Days After Sowing) data were recorded on germination percentage, root length, shoot length and root / shoot ratio at four different levels of treatment. The experiment was laid in completely randomized design with two replications.
III. RESULTS AND DISCUSSION
Significant differences were observed under different PEG concentration ( 0.0 control, -3.0, -5.0, -7.5 and -10.0 bars) for all the characters under the study.
Effect of water stress on Germination Percentage
Different levels of water stress induced by PEG had significant effects on the seed germination. The germination capacity significantly varied (54.50% in -10.0 bars to 100.00% in control) between the treatments than the genotypic differences. Out of the 50 genotypes studied 15 recorded significant germination per cent in control while only nine genotypes recorded significant germination at 10.0 bars. Among the genotypes tested, seven genotypes namely, ADT 43 (G3), AURC 4 (G19), AURC 6 (G21), AURC 9 (G24), AURC 10 (G25), AURC 16 (G31) and TN 1(G35) recorded significant germination percentage when compared with the control. Moreover, Genotypes ADT 41 (G2), ADT 45(G5) and ADT 47 (G6) were most affected by the osmotic water stress of -10.0 bars and the check variety PMK 3 (G49) and MDU 5 (G50) had highest germination in most of the concentration. The final germination percentage varied between 100% for the control and 0.00% for the most concentration of PEG solution. It was observed that decline in germination percentage with decreasing water potential might be due to low hydraulic conductivity of the environment, where PEG 6000 makes water unavailable to seeds, affecting the imbibition processes of the seed which is fundamental for germination [7] . Results of the current study were in agreement with [13] , [1] and [8] . The lowest germination percentage was observed at -10.0 bars. This larger reduction with PEG solution could be attributed to high viscosity, where solubility and diffusion of oxygen were reduced compared to control. At water potential -10.0 bars, the rate of germination of the rice genotypes was below 50% which is similar to the results obtained by [1] and [11] . This may also be the consequence of hampered water and nutrient absorption due to a decreasing water potential of the medium or greatly suppressed cell elongation as a result of the low turgor pressure. Higher rate of germination even under water deficit conditions is a considered as a desirable feature by [7] and [8] .
Effect of water stress on root length
Early and rapid elongation of root is an important indication of drought tolerance. A root system with longer root length at deeper layer is useful in extracting water in upland conditions [5] & [9] . In the present investigation, the root length also significantly declined with increased external water potential (Table I ) and consequently, all treatments caused a decrease in root elongation in all genotypes compared to their controls. Out of the 50 genotypes studied, 22 recorded significant root length in control while only nine genotypes recorded significant root length at 10.0 bars. The mean root length varied from 11.92 cm (10.0 bars) to 22.26 cm (Control). The genotype ADT 44 (G4) recorded significant root length in control alone while IR 20 (G18), AURC 7 (G22), AURC 8 (G23), Ranjith (G39), Gayathri (G43), Chomala (G44) and Marathondi (G47) showed tolerance to mild drought (-3.0 bar) stress. Three genotypes namely, AURC 12 (G27), Koduveliyan (G45) and Onamuttan (G46) recorded moderate drought tolerance (-7.5 bars). Long roots was reported as a component trait for drought tolerance by [1] and [11] as they play a direct role with high penetration ability and have large xylem vessel radii and lower axial resistance to water flux aiding in greater water acquition.
At higher concentration of PEG (-10.0 bar), the genotype AURC 9 recorded highest root length of 22.70 cm when compared to the control PMK3 (24.95 cm). The genotype AURC 8 was distinguished from the other population by its marked reduction in root length (7.30 cm).
Effect of water stress on shoot length
Though root length is more affected by drought than shoot length, the effect of drought is exhibited mostly on the shoot as well as aerial parts of the plant, which will bear most economic parts of the crops. Hence, the shoot parameters will also help the breeder while selecting the superior genotypes against drought. In the present study, out of the 50 genotypes studied 17 recorded significant shoot length in control while only nine genotypes recorded significant values at 10.0 bars and the shoot length was decreased with an increase in external water stress. However, this retardation was found to be high in AURC 8 (G23) (3.30 cm) at high concentration of PEG and low in AURC 9 (G24) and AURC 10 (G25) with the shoot length of 14.25 and 12.90 cm, respectively. These genotypes also showed highest individual mean shoot length of 12.78 and 14.29 cm in all the treatment conducted in the laboratory. These results corroborates with the findings of [1] , [8] and [9] . [6] had also observed the retardation in growth of shoot and root length in response to increasing moisture stress under field as well as laboratory condition. In this study, the genotypes BPT 5202 (G9) and TRY 3 (G11) recorded significant value in control alone, while IR 20 (G18), AURC 7 (G22), CO 45 (G33), Savullu samba (G38) and Chenthadi (G48) recorded mild tolerance (-.3.0 bars). The genotype Kullakar (G36) exhibited moderate tolerance (-7.5 bars). Varietal difference for drought tolerance at seedling and vegetative stage has also been reported by [10] .
Effect of water stress on root/shoot ratio
In addition to root and shoot lengths, root to shoot ratio also plays a major role in selecting drought tolerant lines. Genotypes with high root/shoot ratio under drought are much preferred. The present study revealed significant variations for the root/shoot ratio among the genotypes studied. The ratio ranged from 1.05 (G9) to 2.87 (G44) in the control. In treatments, the highest ratio was observed in G44 (3.13) while the lowest ratio was recorded by the genotype G9 (1.09). In control, high root/shoot ratio was exhibited by several genotypes which failed to record the same under drought stress. However, drought tolerant genotypes recorded significant root/shoot ratio under stressed condition. High root to shoot ratio has been reported as a component trait for drought avoidance by [1] , [13] - [15] .
The results showed that the plants have a high capacity to vary the allocation of nutrients and the activities of different metabolic pathways for producing biomass in both shoots and roots. The studies of [15] revealed that under drought conditions the plasticity of the plants allow increased allocation of several primary metabolites to roots while decreasing allocation to shoots.
IV. CONCLUSION
In the present study, the results proved the use of PEG 6000 for the experimental control of external water potential as an effective method for studying the effect of water stress on seed germination and seedling growth characters and also showed it as a simple cost effective method to screen large set of germplasm within very less time period and accuracy, which is in accordance with [1] , [13] and [14] . However, the experiment needs to be augumented by field evaluation methods to validate drought resistant genotypes identified by in vitro screening.
In general, the findings of this study revealed that PEG-induced drought stress reduced germination percentage, shoot and root lengths while increased root/shoot ratio in tolerant genotypes when compared to susceptible ones. This corroborates with the findings of [1] , [5] , [13] - [15] . Though many factors influence the drought tolerance of crops, these factors are not independent, but interact with one another. Hence, to study crop resistance to drought, attention should not only be paid to identifying typical characteristics, but also to their relationship and interaction of those characteristics.
It has been reported that PEG-induced osmotic stress can cause hydrolysis of storage compounds that further lower the internal osmotic potentials of the seed [3] . In this study, all the genotypes showed significant differences at various concentrations, but the genotypes namely AURC 9 (G24), AURC 10 (G25), AURC 16 (G31) and TN1 (G35) are identified as drought tolerant lines. Hence, the system used in this study would be a simple, rapid and cost effective method for screening seedling traits of large set of germplasm for drought tolerance. 
